In order to make up for the lack of high temperature resistance, the high temperature seawater-based fracturing fluid with temperature 180℃ is developed with the self-developed high temperature seawater based frac agent HYCF-5 and its supporting seawater-based reversible cross joint agent HYCF-B, efficient chelating agent HYCF-S, high temperature stabilizer HYCF-C, performance regulator HYCF-D, anti-swelling agent HYAS-1, cleanup additive HYCF-F. Through the performance evaluation of the high temperature seawater-based fracturing fluid, the performance evaluation of high temperature seawater-based fracturing fluid and the performance research and evaluation of the high temperature seawater-based fracturing fluid, the correlation can be met by the standard of oil and gas industry standard SY/T 6376-2008 the technical conditions of fracturing liquid. At the same time, the paper shows the high suspension sand advantage and low damage mechanism of high temperature seawater-based fracturing fluid, and provides sufficient theoretical reference and technical support for the field application.
Foreword
In recent years, with the in-depth strategic development of oil and gas resources, the ocean has become one of the important trends to developing oil and gas resources since the offshore oil and gas resources are extremely abundant. As an important method for sand exclusion and yield increase, offshore fracturing is employed increasingly. Based on the offshore platform, the high temperature seawater-based fracturing fluid system is designed to realize continuous mixing, so as to lower the cost, improve the working efficiency, save the fresh water resource and accomplish high-efficiency development of offshore oil and gas fields [1] . At present, the thickening agent researched and developed at home and abroad for high temperature seawater-based fracturing fluid includes three types, i.e. natural polymers such as guanidine gum and modified guanidine gum, viscoelastic surfactant and synthetic polymer [2] [3] [4] [5] [6] [7] . In these days, the crosslinked gel fracturing fluid containing natural polymers such as guanidine gum and modified guanidine gum as the thickening agent has been researched to the great extent. This type of fracturing fluid can resist up to 160℃, which has been applied in the oil fields, exhibiting excellent properties. Since the viscoelastic surfactant fracturing fluid is used with high concentrate at low temperature and high cost, it is unsuitable for high temperature oil and gas reserves, so that its application and development are limited in the high temperature seawater-based oil and gas reserves. By introducing special functional groups, the synthetic polymer fracturing fluid improves the swelling properties, temperature resistance, salt resistance and shear resistance of the polymer. Since the synthetic polymer functional groups and molecular weight are controllable, synthesis and application of the polymer containing special functional groups and formed with special crosslinking method, it is expected that such polymer could meet the requirement of resisting 180℃ and even higher. Therefore, the instant 180℃ resisting seawater-based fracturing fluid is the research direction of new type seawater-based fracturing fluid. In this paper, the independently developed high temperature seawater-based fracturing fluid thickening agent HYCF-5, its supportive seawater-based reversible crosslinker HYCF-B, and additives, including the efficient chelating agent HYCF-S, the high-temperature stabilizing agent HYCF-C, the property conditioning agent HYCF-D, the antiswelling agent HYAS-1 and the cleanup additive HYCF-F, are used to prepare the 180℃ resisting high temperature seawater-based fracturing fluid. In addition, research and evaluation is performed on properties of the high temperature seawater-based fracturing fluid thickening agent, high temperature seawater-based fracturing fluid and high temperature seawaterbased fracturing fluid gel breaker, thereby providing adequate theoretical reference and technical support for field application of high temperature seawater-based fracturing fluid.
Experiment
High temperature seawater-based fracturing fluid thickening agent HYCF-5, seawater-based reversible crosslinker HYCF-B, efficient chelating agent HYCF-S, high-temperature stabilizing agent HYCF-C, property conditioning agent HYCF-D, antiswelling agent HYAS-1 and discharge aiding agent HYCF-F, self-made; potassium chloride, potassium sulfate, ammonium persulfate and analytical pure produced by Tianjin Guangfu Technology Development Co., Ltd.; sodium chloride and analytical reagent produced by Beijing Chemical Works; anhydrous magnesium chloride, anhydrous magnesium sulfate and analytical pure manufactured by After studying the content of main salts in the seawater as referred in the book Preparation and Application of Oilfield Chemicals published by Chemical Industry Press, the formula of simulated seawater is as listed in Table 1 (the total salinity of simulated seawater is 34910 mg/L) [8] . For the simulated seawater to be used in the experiments hereinafter, this formula is adopted together with deionized water for solution preparation. Preparation method: to the simulated seawater successively add 2.5% (mass fraction, the same below) of HYCF-S, 0.2% of HYCF-C, 0.2% of HYCF-F, 0.5% of HYAS-1 and 0.5% of HYCF-D, and then add 1.0% of HYCF-5, stir for 5 min to obtain the matrix of high temperature seawaterbased fracturing fluid. Add 0.6% of HYCF-B in the matrix for crosslinking to obtain the high temperature seawater-based fracturing fluid.
Evaluation Prepare the high temperature seawater-based fracturing fluid according to the method described in 2.2.2, stir the fluid for 5 min and then add 30% (volume fraction) of ceramsite; after stirring evenly, add 0.6% (mass fraction) of HYCF-B; after crosslinking, pour in the measuring cylinder to observe the solid-carrying behavior.
Compare the migration and laying of proppant in different sand-carrying fluids by using the large visual combination fracture proppant migration and laying simulation experiment unit, so as to evaluate the dynamic sand-carrying effect [9] . The proppant particle size is 20/40 meshes, density 2.6g/cm3 , sand proportion 10% and displacement 5.4 m3/h, and at the same time, assess the hydroxypropyl guanidine gum matrix, high temperature seawater-based fracturing fluid and crosslinked fluid. See Table 2 for the experimental formula. Take the gel breaker for the high temperature seawater-based fracturing fluid mentioned in 2.3.8, and measure the micelle particle size of gel breaker with the nanometer particle size and Zeta measuring apparatus.
Place the ceramsite under the condition of 105℃ and dry to constant weight, and cool to room temperature for use. Measure the ceramsite at 20% (volume fraction) and weigh its mass, and then vacuumize the ceramsite in the simulated seawater and gel breaker for further saturation, dry at 105℃ to constant weight and then weigh the ceramsite, and calculate the adsorbing capacity of ceramsite in the simulated seawater and gel breaker [10] . Scan ceramsite 1 (dried but not adsorbing), ceramsite 2 (adsorbing simulated seawater) and ceramsite 3 (adsorbing gel breaker) the environmental scanning electron microscope and analyze the difference of ceramsite adsorbing simulated seawater and gel breaker [11] .
Result and Discussion
Evaluation on the Properties of High Temperature Seawater-based Fracturing Fluid Thickening Agent HYCF-5
Instant Dissolution of High Temperature Seawater-based Fracturing Fluid Thickening Agent HYCF-5
Prepare the high temperature seawater-based fracturing fluid described in the method described in 2.2.2, and test the matrix viscosity of thickening agent for the high temperature seawater-based fracturing fluid. The matrix viscosity is around 100mPa·s after stirring for 5 min and standing for 30 min, which meets the requirements of field continuous mixing for instant dissolution and pumping. Table 4 . According to the table, the resistance reduction ratio of HYCF-5 under three different displacements reach more than 50%, indicating HYCF-5 has a good resistance reduction effect. Evaluate the temperature resistance and shear resistance of high temperature seawater-based fracturing fluid according to 2.3.3. For the rheological shear curve of high temperature seawaterbased fracturing fluid at 180℃, see Figure 1 . The viscosity of high temperature seawater-based fracturing fluid is 56.70mPa·s after subjecting to shear at 180℃. As shown in the figure, its viscosity decreases when the temperature rises. After it reaches 180℃, the viscosity remains stable basically and finally reaches more than 50mPa·s, showing good temperature resistance and shear resistance properties.
Evaluate the viscoelasticity of high temperature seawater-based fracturing fluid described in 2.3.5. After determining the linear viscoelastic range of fracturing fluid below 30℃, scan the oscillation time to obtain the relation curve of t-G＇/G＂, G＇=40.85Pa and G＂=10.04Pa, G＇and G＂meet the industrial indicators G＇≥1.5Pa and G＂≥0.3Pa. G＇of fracturing fluid is greater than G＂, G＇/ G＂=4.07, showing good elasticity. The sand-carrying behavior of fracturing fluid is related to both system viscosity and its elasticity, and its elasticity contributes more to the sandcarrying behavior of fracturing fluid [12] . The high temperature seawater-based fracturing fluid belongs to a viscoelastic polymer fluid.
Test the rheological parameters of high temperature seawater-based fracturing fluid described in 2. Table 5 . It is shown that the shear recovery rate is high after variable shear, indicating the shear recovery of high temperature seawater-based fracturing fluid is good, while the shear recovery rate of conventional polymer is below 33% and the conventional polymer shear is unrecoverable [13] . According to n＇and K＇, the high temperature seawater-based fracturing fluid is a pseudoplastic fluid, exhibiting excellent thickening ability and anti-shear ability. Evaluate the static sand-carrying capability of high temperature seawater-based fracturing fluid described in 2.3.5. Through testing, the static sand-carrying time of high temperature seawaterbased fracturing fluid is more than 60 min, indicating the static sand-carrying behavior of fracturing fluid is good.
Dynamic Sand-Carrying Capability of High Temperature Seawater-based Fracturing Fluid Evaluate the dynamic sand-carrying capability of high temperature seawater-based fracturing fluid described in 2.3.6. Select and process the photos of proppants with different formulas that are taken with visual tablet PC in the process of migration, as shown in As shown in Figure 4 , comparing the experiment on 3# and 4# to that on 1# and 2#, the sand levee balance height decreases significantly, indicating the dynamic sand-carrying capacity of HYCF-5 matrix and crosslinking agent improves substantially over the conventional guanidine gum fracturing fluid. Furthermore, the sand levee height of 4# is slightly lower than that of 3#， indicating the crosslinking fracturing fluid is of greater viscosity, the proppant settles less in the pipeline and its dynamic sand-carrying capacity is better.
Evaluate the static filtration property of high temperature seawater-based fracturing fluid described in 2.3.7. The rest results are shown in Table 6 after testing the static filtration and processing the data. According to the table, the static filtration property of high temperature seawater-based fracturing fluid meets the indicator specified in the industrial standard. Evaluate the dynamic filtration property of high temperature seawater-based fracturing fluid described in 2.3.7. The rest results are shown in Table 7 after testing the static filtration and processing the data. According to the table, the dynamic filtration property of high temperature seawater-based fracturing fluid meets the indicator specified in the industrial standard. Evaluate the dynamic filtration permeability loss rate of high temperature seawater-based fracturing fluid described in 2.3.7; the experimental temperatures are 25℃ and 90℃ and the test results are shown in Table 8 . The test results meet the indicator requirement: dynamic filtration permeability loss rate ≤60%, indicating the dynamic filtration permeability loss rate of high temperature seawater-based fracturing fluid is low and beneficial to improvement in yieldincreasing effect after fracturing. Break the gel of high temperature seawater-based fracturing fluid described in 2.3.8. At room temperature, the gel breaker is faint yellow slightly transparent liquid and its measured viscosity is 3.3mPa·s the fracturing fluid gel is broken completely.
Take the gel breaker of high temperature seawater-based fracturing fluid described in 2.3.8 to test the surface and interfacial tension and contact angle, as shown in Table 9 . As for the gel breaker, its surface and interfacial tension is lower, and its contact angle declines compared to that of deionized water (50.956°), indicating the gel breaker is of some wettability. Take the gel breaker for high temperature seawater-based fracturing fluid described in 2.3.8 to measure the residue content as 45.0mg/L, indicating the residue content of gel breaker is very low, much lower than the industrial requirement of 600 mg/L.
Take the gel breaker for high temperature seawater-based fracturing fluid described in 2.3.8, measure its weight-average molecular weight of 29.6×104 and number-average molar mass of 18.46×104. For the gel breaker for guanidine gum fracturing fluid, the weight-average molecular weight is 151.9×104 (gel breaking for 4 h) and number-average molar mass is 124.2×104 (gel breaking for 24 h), being 4-5 times that of the gel breaker for high temperature seawater-based fracturing fluid [14] . The lower the molecular weight, more completely is degraded the polymer, and the more difficult for the low polymer and its derivative to form local secondary weak crosslinking with the crosslinking agent, so as to keep cleanliness and low loss effect of gel breaker.
Take the gel breaker for high temperature seawater-based fracturing fluid described in 2.3.8, and measure the micelle particle size Z-Average of 0.3454um. For the gel breaker for guanidine gum fracturing fluid, the micelle particle size is 93.86um (gel breaking for 4h) and 89.09um (gel breaking for 24h), being more than 200 times that of the gel breaker for high temperature seawaterbased fracturing fluid [14] . The lower the particle size, the easier for it to flow in the porous medium, to reduce blocking to the prop fracture and lessen damage to the strata.
Through experiment, the adsorbing capacity of ceramsite to the simulated seawater is 0.0094 g/g, while that to the gel breaker is 0.0139 g/g, up by 48%. The adsorption of ceramsite to the simulated seawater is salts adsorption, while that to the gel breaker includes salt adsorption and other adsorption; the former is adsorption of a dominantly large amount of salt, while the latter is mainly adsorption of the residual low-molecule aggregate and surfactant.
As shown in Figure 5 are 20000×pictures of ceramsite 1, 2 and 3 that are enlarged with the environmental scanning electron microscope. According to the pictures, the surface texture of ceramsite 1 is neat and consistent without visible attachment, that of ceramsite 2 is attached with some white granular substance, which is the crystal separating out from the salt on the ceramsite surface; and besides white granular substance, that of ceramsite 3 exhibits some bumps and irregular matters, which are basically identical to the residual low-molecule aggregation and surfactant identified in the theoretical analysis. Take the gel breaker for high temperature seawater-based fracturing fluid described in 2.3.8 to test its core matrix permeability loss rate, as shown in Table 10 . For the conventional guanidine gum fracturing fluid, the reservoir matrix permeability loss rate is 20-30% [15] , which is far lower than that of the high temperature seawater-based fracturing fluid. The high temperature seawaterbased fracturing fluid features low loss, even no loss, beneficial to yield-increasing effect after fracturing. 
Conclusion
In this paper, the independently developed high temperature seawater-based fracturing fluid thickening agent HYCF-5, its supportive seawater-based reversible crosslinker HYCF-B, and additives, including the efficient chelating agent HYCF-S, the high-temperature stabilizing agent HYCF-C, the property conditioning agent HYCF-D, the antiswelling agent HYAS-1 and the cleanup additive HYCF-F, are used to prepare the 180℃ resisting high temperature seawater-based fracturing fluid. With the formula of 1.0%HYCF-5+2.5%HYCF-S+0.2%HYCF-C+0.5%HYCF-D+0.2%HYCF-F+0.5%HYAS-1+0.6%HYCF-B, the high temperature seawater-based fracturing fluid meets the standard of oil and gas industry SY/T 6376-2008 General Technical Specifications of Fracturing Fluids in terms of its performance indexes. Through evaluation on the structure and property of HYCF-5, and properties of high temperature seawater-based fracturing fluid and the gel breaker for high temperature seawater-based fracturing fluid, the advantages and characteristics of high temperature seawater-based fracturing fluid are demonstrated from theoretical study to applied research, thereby providing sufficient theoretical support and technical reference for field application.
